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Summary
The Minimal Supersymmetric Standard Model is the most promising extension of the Standard Model.
On the other hand, the Standard Big Bag Cosmology combined with inflation provides a consistent
picture for the universe evolution. The combination of these two theories can successfully address the
Cold Dark Matter problem. Indeed, the Lightest Supersymmetric Particle is the most plausible Cold
Dark Matter candidate.
In this thesis, we calculate the cosmological relic density of a Bino-like Lightest Supersymmetric
Particle in the framework of the Minimal Supersymmetric Standard Model. We include annihilation
and coannihilation eects of the Bino with the lightest stau and other sleptons, which happen to have
comparable masses with it. Coannihilation turns out to be of crucial importance for reducing the Bino
relic density to an acceptable level. Requiring the Bino relic density to be in the cosmologically allowed
region, derived from the mixed or the pure (in the presence of a nonzero cosmological constant) Cold
Dark Matter scenarios for large scale structure formation in the universe, one can restrict the relative
mass splitting between the Lightest and the Next-to-Lightest Supersymmetric Particle. Phenomenological
constraints, also, result from the inclusion of the supersymmetric corrections to the CP-even Higgs boson
and b-quark masses and the branching ratio of b ! sγ. We impose these constraints on the parameter
space of two versions of the Minimal Supersymmetric Standard Model, employing radiative electroweak
breaking with universal boundary conditions and gauge coupling unication.
In the rst version of the model we assume Yukawa coupling unication and boundary conditions from
gravity-mediated supersymmetry breaking. For  < 0, the branching ratio of b ! sγ is compatible with
data but the b-quark mass after including supersymmetric corrections exceeds the experimental limits.
The Bino mass can range between 215 GeV and 770 GeV with the lightest stau mass being 8-0% larger.
For  > 0, the predicted b-quark mass is experimentally acceptable and there is a sizable fraction of the
parameter space allowed by b ! sγ, where Bino relic density is below the upper bound from Cold Dark
Matter considerations.
In the second version of the model we assume boundary conditions from the Horava-Witten Theory
and restrict the parameter space by simultaneously imposing the phenomenological and cosmological
constraints. Complete and t − b Yukawa unication can be excluded. Also, b −  Yukawa unication is
not so favored since it, generally, requires almost degenerate lightest and next-to-lightest sparticle masses.
The no Yukawa unication case is the most natural one since it can avoid this degeneracy. The lightest
sparticle mass can range between 70 GeV and 670 GeV with the lightest stau mass being 93-0% larger. 1
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